OBJECTIVE To assess nosocomial infection (NI) as a risk factor for death and to estimate the population-attributable risk of death from NI. DESIGN. A prospective cohort study of patients with and without NI.
though other studies have assessed the microorganisms most to interpret because of the considerable number of missing frequently responsible for NIs, the most common infection data points). In the present study we attempted to determine sites of NIs, and the associated economic costs, the mortality the degree to which NI is a risk factor for death on a hospitalattributable to NI remains largely unknown. Although not wide basis and, furthermore, to estimate the number of deaths based on scientific evidence, a frequently quoted estimation caused by NI. for France is 10,000 deaths per year. 3 A major complexity in directly attributing mortality t o N I M E T H O D S is the fact that infected patients often experience severe underlying diseases or conditions, which may themselves be risk This prospective study of patients with and without NI was factors for death. Most previous studies have analyzed morperformed within the Nimes University Hospital in Nimes, tality due to NI by 1 of 3 different methods: (1) descriptive
France. This hospital has 833 acute care beds, including 39 analysis that used patient records to attribute death to NI 4 in the intensive care unit (ICU), 399 in the medical unit, 223 (such studies, however, are often retrospective and lack proper in the surgery unit, 54 in the obstetrics and gynecology unit, controls); (2) comparative analysis that determined mortality and 118 in the psychiatry unit; 268 long-term care beds, due to NI by adjusting for or matching for other risk factors including beds in the physical medicine and rehabilitation (such studies, however, most often involve only one type of units; and 483 beds in the skilled nursing unit. Every year, approximately 40,000 patients are admitted to the hospital. We defined the presence of an NI according to the French standardized definition, 16 which is similar to the one used by the Centers for Disease Control and Prevention.
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Recruitment of Patients
We included all patients hospitalized in acute care units (excluding day patients and patients in the brain injury ward [8 beds] and the neonatal ward [30 beds] ) and in longer-term care units who had contracted an NI during their stay. Patients were included after the first episode of NI for each individual hospital stay but only once for a given stay. It was, however, possible to include the same patient more than once if this patient contracted a new NI during a subsequent hospital stay or if the patient was classified as not having an NI during the succeeding hospital stay.
Once enrolled, each patient with NI was randomly matched with 3 patients without NI chosen from the hospital database. The matching criteria were age (plus or minus 5 years), sex, location of stay in the hospital (acute care unit or long-term care unit), and length of stay in the hospital at inclusion (plus or minus 5 days until 30 days, then greater than 30 days). A patient without NI would be classified as a patient with NI if he or she developed an NI within 7 days after selection. Patients who had contracted an NI from another institution or from the skilled nursing department within the hospital were not included. The inclusion date was the date of diagnosis of the NI for patients with NI and the date of the random classification for patients without NI.
System for Optimizing NI Data Collection
We collected the data from the hospital's bacteriological samples database (the list of all patients from whom samples were taken, whether samples tested positive or negative for a pathogen) and from the antibiotic prescriptions database. After this initial screening, the clinical research assistants consulted the patient's physician in the clinical services to verify all information extracted from the 2 databases. At the same time, the physicians were queried as to the existence of other NIs not noted in the 2 databases.
Data Collection
Data were collected using a standardized questionnaire completed on the basis of the patient's medical record and interviews with the patient and the physician in charge of the patient. The following clinical characteristics were recorded for all included patients: sociodemographic characteristics, date of admission, mode of admission, McCabe score on admission, 18 type of disease and comorbidities on admission (to calculate the Charlson index 19, 20 ), interventions and their corresponding dates and durations, date of discharge, and hospital outcome (vital status). For patients with NI, the type of microorganism and the isolate's antibiotic susceptibility phenotype were recorded on the basis of the bacteriological database. The drug-susceptibility classifications "susceptible," "intermediate," and "resistant" were assigned according to the guidelines of the Antibiogram Committee of the French Society of Microbiology. Definitions for multidrug resistance in the different bacteria were those recommended in the relevant French regional database. 21 The main outcome was vital status of the patient within 60 days after inclusion in the study. We obtained this information from either the hospital database or a search of the French national vital statistics database (available at http:// iff69.vjf.inserm.fr).
Sample Size
The likelihood of death among patients with NI varies from 6% to 15% for all sites of infection evaluated. 22 24 The estimate of the relative risk of death for hospitalized patients with NI, compared with hospitalized patients without NI, is approximately 1.5.
14 Therefore, we needed to include a minimum of 1,856 patients with NI and 3,712 patients without NI (1 patient with NI per 2 patients without NI) to reach 95% power and a bilateral a risk of .05. 25 To ensure this 1 : 2 ratio (since a patient without NI can potentially become a patient with NI), 3 patients without NI were selected for each patient with NI.
Statistical Analysis
For all the potential risk factors, we estimated the crude odds ratios (ORs) for death and 95% confidence intervals (CIs) using an univariate conditional logistic regression. 25 We estimated adjusted ORs (aORs) using conditional logistic regression as follows: for each section of the questionnaire (ie, characteristics of the hospital stay for each patient, comorbidities, intervention variables) a conditional logistic regression model was used to select the most informative variables, which were then used in a global multivariate logistic model to control for all the confounding factors, as described by Hosmer and Lemeshow. 26 The absence of colinearity among the variables was confirmed in the manner described by Belsley et al. 27 For building the models, we applied a forward stepwise introduction of variables {P = .10). The aORs and their 95% CIs were derived from the estimated regression coefficients.
We calculated the proportion of deaths attributable to NI in the population by means of the adjusted population-attributable risk (PAR), estimated with the Mantel-Haenszel formula 2829 as PAR = p(aOR -l)/p(aOR -1) + 1, where p is the incidence rate of NI. We calculated the 95% CI for the 1 bution of patients with and without NI with respect to demographic and clinical characteristics. Of the 1,914 patients with NI, 1,045 (54.6%) were female. The median age of these patients was 73 years (5th percentile, 32 years; 95th percentile, 91 years). The median time between admission and NI diagnosis was 10.5 days (5th percentile, 3 days; 95th percentile, 43 days). Most of the patients with NI were hospitalized in the acute care unit (86.4% of patients), divided among the medical unit (42.2%), surgical unit (31.7%) and intensive care unit (ICU) (12.5%).
It was difficult to closely match patients with and without NI for the location of hospital stay, particularly for those hospitalized in the acute care unit who had a long interval between admission and NI diagnosis. In this case, we matched patients with respect to the duration of the hospitalization.
A total of 2,094 NIs had the site of infection reported: 1,174 (56.1%) were UTI infections, 261 (12.5%) were surgical site infections, 265 (12.7%) were cases of pneumonia, and 245 (11.7%) were bloodstream infections. Among the patients with NI, 169 (8.9%) developed infection at least 2 simultaneous sites. The principal microorganisms isolated were Escherichia coli (in 29.7% of cases), Staphylococcus aureus (in 13.9%), and Pseudomonas aeruginosa (in 8.5%). In 195 patients (10.4%), at least 1 multidrug-resistant strain of bacteria was found. Table 2 presents the distribution of the sites of infection. Vital status at 60 days was recorded for 6,949 (98.1%) of the patients; 2% of the patients in each group were lost to follow-up (Figure) . A total of 101 patients with NI (24.5%) and 168 patients without NI (39.2%) died after leaving the hospital.
Using univariate analysis, we compared the living and deceased patients with respect to whether NI was the main risk factor and with respect to other confounding risk factors ( Presence of an NI (no vs yes) and class of NI (none, bloodstream infection, pneumonia, UTI, surgical site infection, catheter-related local infection, gastrointestinal tract infection, skin and soft-tissue infection, others, more than 1 site of infection) were systematically included in the models. The univariate analysis and the previous multivariate analysis allowed us to select the following variables for a global multivariate conditional logistic model: ward of hospitalization (long-term care, medicine or cancer unit, internal medicine, other medicine, orthopedic surgery, other surgery, ICU), provenance of the patient (ie, ward or institution from which the patient was admitted), time between study inclusion and admission, McCabe score, Charlson index, peripheral catheter, urinary catheter, mechanical ventilation, endotracheal intubation, arterial catheter, central venous catheter, implantable venous catheter, and surgical procedure. With adjustment for McCabe score, the goodness of fit, based on Schwarz criteria, was 1,214.96 for presence of NI at any site and was 1,413.76 for NI at specific sites (Table 4) . With adjustment for Charlson index, the goodness of fit, based on Schwarz criteria, was 1,264.49 for presence of NI at any site and was 1,449.52 for NI at specific sites ( Tables 4  and 5 .
If we consider the incidence of NI to be 3%-6% in French hospitals, the PAR for death from NI should be from 2.1% (95% CI, 1.7%-2.5%) to 4.0% (95% CI, 3.3%-4.9%) with adjustment for McCabe score, and it should be from 3.5% (95% CI, 3.0%-4.0%) to 6.7% (95% CI, 5.8%-7.7%) with adjustment for the Charlson index.
D I S C U S S I O N
The main aims of our study were to demonstrate the association between NI and mortality and to quantify the fraction of hospitalized patients in whom NI was likely to contribute to death. The availability of a large database of all hospitalized patients in acute care and longer-term care units of a university hospital during a 21-month period gave us the opportunity to reliability assess this impact. Follow-up was considered satisfactory, because 98% of the patients could traced at 60 days after the date of inclusion. We chose the 60-day period because the average length of stay in the hospital increased by 32 days in cases of severe NI (bloodstream infection or pneumonia). 30 However, in-hospital mortality alone does not seem sufficient to study the real relationship between NI and mortality. 31 Our study showed that NI remained significantly associated with death after adjustment for the McCabe score and the other confounding factors (OR, 1.7 [95% CI, 1.4-2.2]). If we assume that the incidence of NI is approximately 3%-6% in the French hospitalized population, the PAR would reach 2.1%-4.0%; in other words, of each 1,000 deaths in hospitalized patients, 21-40 would be attributable to NI. The risk factors with the strongest association seemed to be bloodstream infection (aOR, 2.9 [95% CI, 1.5-5.7]), pneumonia (aOR, 2.4 95% CI, 1.4-4.3]), and multiple sites of infection (aOR, 2.7 [95% CI, 1.5-4.9]). Although the OR for death from UTI was low, these infections were common and therefore were involved in a significant number of deaths.
Several methodological points may have affected our results. First, it was impossible to strictly respect the pairing criteria with regard to time from admission to study inclusion and with regard to whether a patient stayed in an acute-care bed or a long-term care bed. It would have been even more difficult to pair subjects by the ward of hospitalization. In a hospital cohort of patients with pneumonia, 14 the pairing of patients without NI based on 3 criteria was difficult: for 100 patients, only 74 matches could be found. We have therefore chosen not to skew our sample and to control for the confounding factors by adjustment. Second, the clinical condition of the patient at admission to the hospital is the principal confounding factor. The condition of the patient is usually linked to the disease that led to hospitalization and to the comorbidities. We were unable to adjust for all these factors because of the diversity of the diseases in our study cohort. The McCabe score and the Charlson index, which are 2 predictive scores of short-term mortality (at 1 year), appeared to be the most promising methods to account for the severity of underlying disease.
We included these 2 severity scores in the various tested models to account for the redundancy of information. Thus, a model with the McCabe score and a model with the Charlson index were tested. These models showed slight differences in the estimation of the link between NI and death. Whereas the Charlson index is based on comorbidities, the McCabe score is more subjective, but it seems more robust. The model that adjusted for the McCabe score had the best goodness of fit. For this reason, we have chosen to base our analysis on the McCabe score.
Third, we estimated the relative risks as ORs, using the logistic models. ORs estimate relative risk best when the frequency of the outcome in the population is low (less than 10%). 32 In our study, the rate of death in the Nimes University Hospital population is approximately 2%, which is consistent with that described for all hospitals. The attributable fraction of risk depends on the frequency of exposure to the risk factor considered. In our study, the incidence of NI was approximately 2.8%, corresponding to the lower limit of the interval usually considered.
Finally, it would be impossible to include every single NI that occurred in any hospital. But given the method we used, the number missed is unlikely to significantly change the results.
Our results are partially consistent with those of GarciaMartin et al., 33 who studied mortality attributable to NI in a university hospital. The ranking of mortality risk they found in their study was similar to ours. After adjustment, the risk of death was highest for bloodstream infections (adjusted OR, 5.3 [95% CI, 2.0-13.8]), followed by pneumonia (adjusted OR, 3.8 [95% CI, 1.5-4.9]), and then infection at multiple sites (adjusted OR, 4.4 [95% CI, 1.6-11.9]). These ORs were higher than ours; however, the case-control design may have overestimated the relative risks because of differential classification bias for the presence of an NI and other covariates. Garcia-Martin et al. 33 estimated the risk attributable to NI using an adapted case-control study that measured the incidence of NI only in deceased patients. 34 This approach leads to results that are generally less accurate because of the retrospective nature of the study. In their study, the adjusted PAR of death attributable to NI was 21.3% (95% CI, 16.8-30.5), which is higher than that in our study. This finding may be the result of both a higher adjusted OR and a greater number of infections among patients who died at the hospital.
Most studies on the mortality attributable to NI have focused on bloodstream infections, 7 "
10 pneumonia, 11 ' 12 ' 14 and mostly in ICUs. 5 "' 2 A significant relative risk of death associated with bloodstream infection 7, 9 and pneumonia 1112 remained after adjustment for confounding factors in both studies, but the PAR was higher in the studies regarding bloodstream infections. Studies performed solely in ICUs, however, cannot be strictly compared with our study, because the PAR is linked to the chosen population. It would be expected, then, that the population of ICU-only patients would be more susceptible to infection than a hospital-wide population.
The only relevant French multicenter study 4 was descriptive. This study analyzed, in 2001,1945 deaths in 16 university or regional institutions. After excluding patients with a short life expectancy, the number with certain NIs, as evaluated by experts, was estimated to be 2.8%. Extrapolation of these results to the population of hospitalized patients in France yields an percentage of deaths certainly attributable to NI of 2.4% for general hospitals and 3.4% for university hospitals. This last estimate falls between our limits of 2.1% and 4.0%.
In our study, we found a significant risk of death linked to UTI. Although the relative risk of death from UTI is low, the extent of our study probably explains the statistical significance. The size effect is however low. Our ability to document a large number of UTIs likely led to a more accurate accounting of their contribution to mortality.
We cannot absolutely prove the link between NI and mortality. However, we have satisfied most of the criteria necessarily for establishing a causal link in observational studies: strength of association, temporal association, dose-response effect, lack of major bias, biological plausibility, and coherence with other studies.
In conclusion, it seems that the risk of death associated with NI remains significant despite adjustment for the principal confounding factors. Although the number of deaths attributable to NI appears less than previously thought, the high incidence of NI still results in a sizeable number of deaths. Multicenter studies will be needed to confirm these results.
